Problem-based learning (PBL) is a student-centered teaching and learning model, in which teachers play a guiding and inspiring role, students need to cooperate with each other to solve problems. The computer network course covers a wide range of knowledge and needs to integrate theory with practice. It is very suitable for PBL teaching. In view of the general situation of teaching and learning for teachers and students in China, i.e., the passivity of teaching and learning, this paper attempts to apply PBL to the teaching of computer network course. Finally, the effectiveness of PBL is evaluated through examination and questionnaire for students.
Introduction

Introduction to PBL
Finkle and Torp [1] believe that PBL (Problem-based learning) is such a teaching system, which improves students' ability to solve problems and acquire knowledge by enabling students to actively solve practical problems. This teaching system was proposed by Barrow, an American professor of neurology, at McMaster University in Canada in 1969. In the early 1970s, it was absorbed and adopted by more than 60 medical colleges and universities, especially in the curriculum of anatomy, pharmacology and physiology for the first two academic years, which completely replaced the traditional teaching methods. Subsequently, this teaching method was gradually applied to schools of business, education, architecture, law and other colleges [2] . The steps of this teaching system are followings, firstly, teacher put forward a realistic problem, and this problem is likely to be encountered by students in their future careers. Secondly, students start a period of study and acquire relevant knowledge to solve this problem. Finally, most of the classes are completed jointly by groups on the basis of giving full play to individual initiative [3] .
It is difficult to improve students' critical thinking ability through the problems in traditional education. However, practical problems in computer network course can fully and effectively train students' thinking ability through changeable goals, situations, contents and unknown solutions. In this mode, students need more practical problems outside the classroom so that they can get more practical experiences. PBL is a methodology that efficiently combines sociality and cooperation. It not only improves students' ability in knowledge field, but also improves students' crucial "soft ability". PBL is student-centered and gives students more responsibility and independence, and guide the course with questions and improve the students' ability in learning. Through cognitive training in this specific environment, students' ability to grasp the learning direction, acquire knowledge and solve problems can be effectively improved.
Introduction to Computer Network
Computer network is a very important course for information technique related majors. We even cannot be separated from the Internet. at present, many enterprises are developing internet-related technologies, such as router, mobile phone software and hardware research and development, web application software, etc. Most of the students enter these companies after graduation, so this course is very necessary and important for the students. It is also a multidisciplinary science including computer technology and communication technology, combine with each other closely. It is relatively abstract, and has many concepts, involves a wide range of knowledge. Our focus is on the network architecture principles, ideas, rather than technologies, even it is very related to technologies. With the rapid development of computer networks, new technologies are constantly emerging. So, we don't follow these technologies which may be outdated soon, our teaching goal is to master the basic principles and prepare for the future design of network software and hardware. But, we need to train students to make them have the ability to track and learn the latest knowledge and technology. It requires students to 1) understand the design idea from multiple scales in the learning process. We must not only pay attention to the basic principles and network design ideas, but also pay attention to the concrete details; 2) grasp the key points and go into ideas from the shallower to the deeper. The system of computer network content is very complex, the knowledge points do not have a logical linear relationship with each other, but are more like forming a complex graph structure. It is not very difficult if you grasp the idea of the five-layer model; 3) pay attention to the connection and difference between knowledge points, because very basic knowledge point is not independent. To truly understand it, it must be related to other knowledge points, such as IP address and MAC address; 4) integrate theory with practice. By integrating theory with practice, we can better understand what we have learned and test whether we really master this course.
PBL in Computer Network Class
The Traditional Teaching in Computer Network
The goal of Computer Network course is to teach students the basic principles of computer network, know the flowing process of data in computer network, and be able to design the software and hardware of computer network. It requires some basic knowledge of computer and communication. The traditional teaching is 54 hours and 3 credits, including 3 hours per week, supplemented by 6~8 experimental classes, homework after class and final closed-book examination. The teaching of the course is still mainly based on the teacher's instruction by multimedia slides. According to the students' final feedback in the end of semester and practical experience feedback during their career, they think that they do not have a good grasp of the whole computer network idea from macroscopically, holistically and practically, and their acquired knowledge and skills are partial and fragmentary, which cannot form a complete framework. Although we have paid much attention to this point in previous lectures and tried to tell the knowledge in a coherent way, students still cannot understand the problem at the same height and level, and are often accustomed to focusing on a small knowledge point, an algorithm, etc., resulting in a lack of confidence and ability to apply theory to practice during work.
PBL Mode in Computer Network
According to the teaching objectives and teaching contents, we can divide the whole course into 8 major problems. 1) How does data flow between computer networks? 2) Why should we divide the computer network into different levels? 3) How to evaluate the performance of a computer network? 4) What role does the physical layer play? 5) What role does the data link layer play? 6) How is the data forwarded in packets at the network layer? 7) What role does the transport layer play? 8) What role does the application layer play? The eight major issues are interrelated and also have their interdependences. For example, in order to truly and completely answer the first question, all other questions must be made clear, but before the other questions are made clear, the first question must be considered first, and a preliminary consideration and explanation must be made, so as to pave the way for the consideration of other questions.
We will take the 6th question as an example to illustrate a case teaching of PBL in the class of computer network. The question is described as follows: how can the network layer or router reasonably forward the data after the data reaches the network layer? Then we divide the students into groups. Each group first tries to define the problem according to the description of the problem. After defining the problem, the teacher can rearrange and guide out some key sub-problems. For example, what should the network layer do first and how? What is the connection between the router and the network layer? The third step is to analyze and discuss the problem, which is a very important step and a very time-consuming step. It is very necessary to form a retrospective with the following three steps, because the real problem cannot be formed and the structure of the problem cannot be sorted out without further study. Each group began to analyze and discuss the problem. Everyone should express his own ideas, take turns to speak, and make as many explanations and ideas as possible. This step takes a long time, and can refer to books or Internet, and will produce more sub-problems. For example, how can a router send data to its destination correctly? If you choose each router to send data to all other routers, will it slow down the network? If so, what should we do? How to mark a host computer on the internet? The fourth step, to sort out the problem again, find out the logical mechanism of the problem, namely form an inverted problem tree, as shown in figure 1 .The fifth step is to get the content to be learned according to the problem, and student can learn these contents via a wide range of methods, such as Internet, books, documents, etc. For example, how to set the IP address? This problem can be analogized to the division of postal codes, so you can check how postal codes are set to obtain reference information. The sixth step is clear assignment of task for each student, each person needs to solve the specific problems and knowledge points, and learn independently. In the seventh step, everyone and each group report the knowledge they have learned, and how to use this knowledge to solve the problem. In this process, every step always related to the problems, including asking questions, solving problems and refining problems. The problems stimulate students' desire to think, train their logical thinking ability, cultivate the spirit of independence and autonomy, and enable students to cooperate with each other to accomplish one thing together.
Evaluation
After PBL is applied to the teaching of computer network course, the reasonable evaluation of its effect cannot only rely on the traditional evaluation method of standardized examination. The main objects of the evaluation should not only include students, but also teachers. The evaluation criteria are not only scores, but also include the ability to solve complex problems, communication skills, cooperation skills, independent learning ability and other standards. Therefore, the evaluation itself is also a matter worth studying and discussing. An evaluation system that completely reflects the actual situation has not yet been developed. We use the combination of traditional examination and questionnaire to evaluate the teaching and studying effect.
Although the traditional examination is still adopted, we do not have tests for the memory of knowledge points, unless they are some common sense problems in this discipline. In the examination paper, we check and validate the students' understanding and solution to the problems more.
Furthermore, some open questions are examined, for example, students are allowed to design a campus network with unlimited equipment, so long as a reasonable explanation is given. Another example is how QQ information is sent from your computer to your friend's computer. These problems, which have been fully applied in practice, are what we have examined. From the results of the examination, after the application of PBL teaching mode, the students answered these comprehensive questions in more detail and in a more comprehensive way, which is closer to the actual situation. The questionnaire and the examination complemented each other, they can help us acquire some non-cognitive skills besides learning ability and problem solving ability, such as research ability, teamwork ability, communication ability, sense of responsibility, interest in subjects, etc. We designed such a questionnaire (as shown in Table 1 ) referring to [4] as a survey for students. The answers to each question are divided into 5 grades, in which 5 represents full agreement/satisfaction etc, and 1 is disagree or dissatisfy, 3 is the neutral/average status. For most of the problems, the students were very agreed or satisfied with the results and believed that they had got a lot of exercise. However, they were not satisfied with the 7th and 12th questions, sometimes the discussion process in the group is not controlled, some students were good at organizing and speaking, while others were not very good at expressing their views. This is point we need to improve in the future. We plan to design questionnaires for employers in the future.
Conclusion
This paper discussed the principle of PBL teaching mode, applied it to the teaching of computer network and designs 8 major problems. Once these problems are clarified, the core of computer network will be mastered by students. In the future, they can also learn the new knowledge or new technology quickly. The examination and questionnaire at the end of the semester also showed that this model has improved the students' abilities in many aspects, improved their ability to solve practical problems, study independently, communicate with each other, etc., compared with traditional teaching.
